Splenic gene delivery system using self-assembling nano-complex with phosphatidylserine analog.
The recognition of phosphatidylserine on the erythrocyte membrane mediates erythrophagocytosis by resident spleen macrophages. The application of phosphatidylserine to a gene vector may be a novel approach for splenic drug delivery. Therefore, we chose 1,2-dioleoyl-sn-glycero-3-phospho-L-serin (DOPS) as an analogue of phosphatidylserine for splenic gene delivery of plasmid DNA (pDNA). In the present study, we successfully prepared a stable pDNA ternary complex using DOPS and polyethyleneimine (PEI) and evaluated its efficacy and safety. The pDNA/PEI complex had a positive charge and showed high transgene efficacy, although it caused cytotoxicity and agglutination. The addition of DOPS changed the ζ-potential of the pDNA/PEI complex to negative. It is known that anionic complexes are not taken up well by cells. Surprisingly, however, the pDNA/PEI/DOPS complex showed relatively high transgene efficacy in vitro. Fluorescence microscope observation revealed that the pDNA/PEI/DOPS complex internalized the cells while maintaining the complex formation. The injection of the pDNA/PEI complex killed most mice within 24 h at high doses, although all mice in the pDNA/PEI/DOPS complex group survived. The ternary complex with DOPS showed markedly better safety compared with the pDNA/PEI complex. The pDNA/PEI/DOPS complex showed high gene expression selectively in the spleen after intravenous injection into mice. Thus the ternary complex with DOPS can be used to deliver pDNA to the spleen, in which immune cells are abundant. It appears to have an excellent safety level, although further study to determine the mechanism of action is necessary.